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SYNOPSIS 


Mission 1009 (System J-12) vas a two-part satellite photographic re- 
connaissance mission, A normal orbit was achieved and photographic cover- 
age was accomplished between 6 and 13 August 1964. Clouds covered approxi- 
mately 48 percent of the mission. The cameras and associated photographic 
equipment functioned properly and more than 11 million square nautical 
miles (nm) of plottable photographic coverage was ecquired. 


The recovery capsule from Mission 1009-1 was retrieved by an air catch 
during revolution 49. The cameras vere reactivated during the same revolu- 
tion and continued to function properly throughout Mission 1009-2. The 
second recovery capsule was retrieved by an air catch during revolution 128. 


There is no significant difference in image quality of the panoramic 
material between missions 1009=-1 and 1009-2, 


The mission was assigned an MIP rating of 85. 


GENERAL FLIGHT DATA 
Date of Launch: 5 August 1964 


Actual Orbital Parameters 


Revolution 25 Revolution 112 
Feriod: 90.7 minutes 90.6 minutes 
Perigee: 1Ol ne 102 nm 
Perigee Latitude: bb .6°N 63.3% 
Apogee: 243 nm 242 nm 
Lecentricity: 0.0198 0.0194 
Inclination Angle: 79.99° 80.0° 


Recovery: 
Mission 1009-1: & August 1964 
Mission 1009-2: 13 August 1964 


PART |. CAMERA OPERATIONS 


i. Master (FWD) Panoramic Camera Wo 154 


The Master Panoramic Camera functioned: properly on this mission. The 
major detriment to the photographic record is the slight loss of resolution 
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at the supply end of the format adjacent to the non-timing track edge. This | 
area varies in size and recurs sporadically. On occasion it extends as far 
as 2.3 inches into the format along the non-timing track edge, but does not 
extend more than 0.6 inch along the timing track edge, The area is most 
prevalent in the first three passes and appears intermittently throughout 

the first part of the mission (1009-1), It is not detected throughout the 
second part (1009-2). Other degradations, which are considered minor, in- 
clude: 


a. There are three, and sometimes four, short scratches, approxi- 
mately 0.4 inch apart within the format adjacent to the camera num- 
ber and parallel to the major exis of the negatives. These scratches 
continue throughout both parts of the mission and appear to be associ- 
ated with the field flattener. 


b. Continuous scratches parallel to the edges of the negatives 
are evident throughout both parts of the mission. These scratches 
are attributed to the rails which support the film during film trans- 
port. 


c. Non-image forming light caused fogged areas and shadowgraphs 
of equipment on the last two frames of all passes and a diagonal fog 
streak is evident on the second or third frame after a camera on. The 
density of these fogged areas is commensurate with the duration of the 
camera-off period. 


2. Slave (AFT) Panoramic Camera No 155 


The Slave Panoramic Camera functioned properly on this mission. There 
is no major detriment to the photographic record from this camera. Minor 
degradations attributed to the camera include: 


a. A continuous fine minus density streak 0.8 inch from and 
parallel to the non-etiming track edge. 


b. Recurring minus density streaks, approximately 0.05 inch 
wide, parallel to the major axis and variable in intensity, quantity, 
and location. These streaks are presumed to be caused by foreign 
matter close to the slit aperture. 


c. Woneimage-forning light caused fog areas and shadowgraphs of 
equipment in the third and in the last or second to last frame of most 
passes, 
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3. Master (FWD) Horizon Cameras 





a. The port (supply) horizon camera was operational throughout the 
mission, The exposure is commensurate with the solar elevation. The nega- 
tives in pass 1D contain images of material associated with the vehicle, 
What appears to be a piece of tape can be readily identified in successive 
frames and unidentifiable objects can also be detected. 


b. The starboard (take-up) horizon camera was operational throughout 
the mission. The exposure is commensurate with the soler elevation. The 
imagery in the early passes and at extreme northern latitudes in later 
passes has the appearance of being recorded through a cloud of vapor. This 
veiling degrades the imagery, but the horizons are definable and useful for 
the determination of vehicle attitude. 


4, Slave (AFT) Horizon Cameras 


a, The port (take-up) horizon camera was operational throughout the 
mission, The exposure is commensurate with the solar elevation. The nega- 
tives in pass 1D contain images of material similar to those described for 
the Master Port Horizon Camera, 


b. The starboard (supply) horizon camera shutter failed to open in 
passes 46D, frames 6 and 12; 47DE, frame 6; 52D, frames 125 through 145; 
69D, frame 3; 7OD, frames 7 and 15; 85D, frames 13 and 188; 99D, frame 3; 
116D, frame 20; and 118D, frame 47, ‘The exposure is commensurate vith the 
solar elevation. The imagery in the early passes and at extreme northern 
latitudes in the later passes has the same appearance as that described 
for the Master Starboard Horizon Camera. 


5. Steller Camera No 56 (Mission 1009-1) 


This stellar camera functioned properly, recording 338 frames. Stars 
to the 7th magnitude were identified and as many as 56 stars can be detected 
in some frames. The first frame contains a double exposure. 


Flare affects approximately 20 percent of each frame. A certain amount 
of flare may be advantageous for hypersensitizing the emulsion. Stellar 
images can be detected in the flared area, 


Multidirectional streaks are present on 10 percent of the frames. 
These streaks may be caused by particles of fuel used to control the vehi- 
cle attitude. The streaks vere noted in the following frames: 1, 3, 4, 5, 
6, 7, 12, 16, 17, 18, 21, 2b, 25, 27, 28, 29, 31, 46, 47, 53, 57, 58, 59, 
64, 69, 91, 100, 103, 104, 106, 139, 174, 197, 247, 270, 304, 325 and 326, 
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Edge static and emulsion cracking along the minor axis is noted 
throughout the material. The similarity of the two degradations causes 
difficulty in differentiation between them. In some instances the emulsion 
cracking extends from edge to edge (example frame 330). 


6. Steller Camera No 34 (Mission 1009-2) 


This stellar camera functioned properly, recording 412 frames. Stars 
to the 7th magnitude were identified and as many as 50 stars can be de- 
tected in some frames, 


Flare affects approximately 35 percent of each frame. There were six 
fewer stars detectable in Mission 1009-2 than in 1009-1. This loss may be 
attributed to the excessive flare. 


There are small plus density areas and associated markings that 
appear as emulsion cracks. These areas are located 0.3 inch and 0.6 
inch from the edge opposite tne camera number and appear randomly 
throughout the material. There is evidence of continuous dendritic 
static discharges or emulsion cracks along the edge opposite the 
camera number and similar markings intermittently along the camera 
number edge. Tnese marks extend from edge to edge more frequently 
as the mission progresses. The last seven feet contain continuous 
edge-to-edge markings. The format is slightly degraded by non~-image- 
forming light that produces a plus density streak entering the format 
fram the camera number edge and extending 0.5 inch into the format. 
The following frames are affected: 25, 62, 110, 145, 165, 172, 174, 
205, 227, bh, 266, 293, 312, 325, 331, 344, 362, 376, 382, 384, 388 
and 402, A plus density streak, approximately 0.1 inch wide and of 
undetermined origin, is noted between the camera number and the for- 
mat in tne last 17 frames of the mission. 
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FIGURE 1. DEFINITION OF PHOTOGRAPHIC DATA. 


The data pertaining to photographs contained in this publication are 
defined as follows: . 


PASS: A pass is the operational portion of an orbital revolution. A suf- 
fix D indicates that the photography was acquired during the descending 
portion, a suffix A indicates that the photography was acquired during 
the ascending portion, and a suffix M indicates that the photography 
was acquired during a pase thet includes both ascending and descending 
portions. An additional suffix E indicates that the pass was an engi- 
neering operation or that a portion of the pass has been edited. 


DATE OF PHOTOGRAPHY: The date of photography indicates the day, month, and 
year (GMT) that the photography was acquired. 


UNIVERSAL GRID COORDINATES: These coordinates are included to locate the 
illustrated photography within the panoramic format. 





SULARGEMENT FACTOR: The enlargement factor is included to indicate the 
number of diameters the original material has been enlarged in the 
photographic illustration. 





GEOGRAPHIC COORDINATES: These coordinates are included to indicate the 
latitude and longitude of the panoramic format. 


ALTITUDE: This measurement is the vertical distance from the vehicle to 
the Hough Ellipsoid at the time of the acquisition of the photography. 


PITCH: The pitch is the rotation of the vehicle ebout the transverse axis. 
Positive readings indicate nose-up attitude, negative readings indicate 
nose-down attitude, 


ROLL: The roll is the rotation of the vehicle about the longitudinal axis. 
Positive readings indicate left wing-up attitude. Negative readings 
indicate right wing-up attitude. 


YAW: The yaw is the rotation of the vehicle about the vertical axis. Posi- 
tive readings indicate counterclockwise rotation when viewing the 
ground nadir from the vehicle. 


LOCAL SUN TIME: This time is included to present to the viewer a realistic 
time of the acquisition of the photography illustrated. 
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SOLAR ELEVATION: The solar elevation is the angular elevation of the sun 
above a plane tangent to the surface of the earth at the center of the 
panoramic format. A negative solar elevation indicates that the sun 
is below the plane. 





SOLAR AZIMUTH: The solar azimuth is the angular measurement of the rays cf 
the sun measured from True North in a clockwise direction. 


EXPOSURE: The exposure is the duration of the photographic exposure ex- 
~~ pressed in a fraction of a second and is computed from the scan rate 
and slit width, 
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FIGURE 2. STELLAR FRAME NO I (MISSION 1009-1). 


NPIC s-8S54 (3/63) 


This is the first frame recorded by the stellar camera (No 56) 

on this mission. It cepicts the typical streaks that are usually 
observed in stellar photography during the early portion of a 
mission, The vertical lines of the reseau are double imaged in 
this frame; however, no other double exposures were detected in 
the stellar material cf this mission. 
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FIGURE 3. STELLAR FRAME NO 3 (MISSION 1009-1). 


NPIC J-088065 (3/68) 


This frame was recorded 7 hours and 30 minutes after stellar 
frame 1, Similar streaks can still be observed, but the quan- 
tity has diminished considerably. The streaks shown in this 
photograph have the appearance of flat objects rotating as they 
pass through the angle of view of the stellar camera, 
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FIGURE 4. STELLAR FRAME NO 4 (MISSION 1009-1). 


NPIC J-8886 (3/68) 


This photograph is included to show the pattern of one of the 
larger streaks observed in the stellar photography in Mission 
1009-1. 
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FIGURE 5. STELLAR FRAME NO 24 (MISSION 1009-1). 


WRIC 3-856? (3/68) 


This photograph shows an average stellar frame from Mission 
1009~1. 
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Stellar Frame Number. 2 0 we ee 24 (1009-1) 
Correlates with FWD Camera: 
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Date of Photography .. 2... 2 ee ee 6 August 1964 
Enlargement Factor. 2 2 ee ee 5X 
Vehicle: 
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FIGURE 6 STELLAR FRAME NO 139 (MISSION 1009-1). 


NPIC J-8686 (3/65) 


This photograph is included to show the pattern of a streak 
that was recorded during the middle portion of Mission 1009-1. 
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FIGURE 7. STELLAR FRAME NO 303 (MISSION 1009-1). 


NPIC J-9888 13/69} 


This photograph shows stellar images that are detectable in 
the flared area of the format in Mission 1009-1. 
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FIGURE 8. STELLAR FRAME NO 28 (MISSION 1009-2). 


wRIC 32-0600 (3/68) 


This photograph shows the difference in contrast between the 

stellar photography from Camera No 56 (Mission 1009-1) and 
Camera lo 34 (Mission 1009-2), Emulsion cracking or the re- 
sults of electric discharges can be detected two places with- 
in the format. 
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FIGURE 9. STELLAR FRAME NO 95 (MISSION 1009-2). 


NPRIC J-BBSl 13/68) 


This photogreph is included to show the pattern of the flared 
erea in the stellar format of Camera No 34 of Mission 1009-2, 
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FIGURE 10. STELLAR FRAME NO 392 (MISSION 1009-2). 


NPIC J-8862 (2/66) 


This photograph shows the most severe emulsion cracking observed 
in the stellar photography from Camera Ho 34 of Mission 1009-2, 
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7. Index Camera No 54 (Mission 1009-1) 


The first frame is double exposed. The results of a light leak are 
noted in the format adjacent to the camera number in frame 96. Wo other 
degradations are noted in the index material of this mission. 


8. Index Camera No 38 (Mission 1009-2) 


A light leek of undetermined origin degrades each frame to a minor 
degree. The light leak causes a plus density streak to project 0.3 inch 
into the format 0.35 inch on the supply side of the camera number block, 
The density of the streak is commensurate with the duration between opere- 
tions and is most severe in the following frames: 5, 28, 65, 113, 148, 
150, 175, 177, 198, 208, 230, 232, 247, 269, 282, 288, 296, 315, 317, 328, 
334, 347, 365, 372, 379, 385, 387, 391, 405, 426 and 434. This light leek 
is not associated with the camera, but rather occurs in the transport path 
because the plus density occurs even on frames that were exposed on the 
dark side of the ordit. 


9. Associated Equipment 


This equipment records technical information required for the corre- 
detion and mensuration of the primary cameras, 


With the exception of the binary word the equipment associated with 
the master and slave panoremic cameras functioned properly throughout the 
missions. The horizon camera fiduciais are clearly defined. The 200 cy- 
cles per second timing pips sre legible end recorded properly cutside the 
format. The camera number, index marks and binary word are of optimm 
density. The binary word that is recorded on the negatives end the serial 
output recorded in the clock interrogations exhibit an error after pess 
8D frame 157. Bit 15 of the binary vord remained lighted for extended in- 
tervals, producing erroneous time data throughout the balance of Mission 
1009-1 and throughout all of Mission 1009-2. These errors are accumulative - 
and occur in passes 8D, 40D, 99D and 100D. Two additional errors occur ina 
the clock correlation figures; however, no photographic record is available 
during these occurences. The binary word errors are being hand corrected 
for ephemeris data. There are two camers-off markers at most camera-off 
positions in the material from both the master and slave panoramic cameras. 
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FIGURE 11. INDEX FRAME NO 279 (MISSION 1009-7). 


NPIC J3°8863 (3/88) 


This photograph is included to show the density fall-off in 
the corners of the format of the index photography from Mission 
100981, 
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FIGURE 12. INDEX FRAME NO 319 (MISSION 1009-1). 


MPIC 360664 {3/€8) 


the following photograph shows a cloud-free frame of 
photography from Miseion 1009-1. 
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FIGURE 13. INDEX FRAME NO 247 {MISSION 1009.2). 


NPIC J-8666 (3/68) 


The followang photograph is an example of the fogged area 
caused by a non=-image forming light leak in the index camera 
used in Mission 1009-2, 
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PART it. FILM 


1. Filn Foot age 


The film footage and the frames processed from each of the cameras 


employed in Missions 1009-1 and 1009<2 are as follows: 


CAMERA _ FOOTAGE FRAMES 
Master Panoramic Camera : 
lio 154, Mission 1009-1 6,628 29377 
Mission 1009-2 8,293 3,125 
Slave Panoramic Camera 
Yo 155, Mission 1009-1 6,558 2 »360 
Mission 1009-2 8,248 3,120 


Stellar Camera Ilo 56 
Mission 1009-1 47 338 


Stellar Camera No 34 
Mission 1009-2 42 412 


Index Camera No 54 
Mission 1009-1 90 338 


Index Camera No 38 
Mission 1009-2 90 436 


2. Film Processing 


This section provides an evaluation of exposure, processing, and den- 
sities of the original negatives from the 10 cameras used in Missions 1009-1 
and 1009-2, 


a. The exposure was good throughout the mission, 


bt. Infra-red detection densitometry was employed to determine the 
optimum levels of development for the various portions of the missions. 
Sixtyesix changes in the level of development were required for optimum 
development of the material from the Master Camera and 77 changes were 
required for the slave material. The percentages processed at the 
various levels are as follows: 
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Mission 1009-1 Mission 1009-2 
Level of Development Master Slave Master Slave 
Primary 14 0% 3% 4g 
Intermediate 26% 4, 0% 21% 47% 
Full 734 60% 76% 4og 


c. The density of the negatives is considered good and compares 
favorably with negatives from previous missions. The photography on 
this mission was taken in the mid-afternoon between 1425 and 1530 sun 
time. The combination of elevation and azimuth caused a variance in 
the negative densities and contrast across the format of most frames. 
The principal ray of the forward camera was facing the sun on the star- 
board side and facing across the rays of the sun of the port side. The 
principal ray of the aft camera was facing across the rays of the sun 
on the starboard side and facing with the sun on the port side. This 
variance in density and contrast necessitated "special" printing on 33 
parts of the mission in the reproduction of the duplicate positives, 


3. Physical Fila Degradations 


There are no major film degradations on the material from the 
panoramic cameras used in missions 1009-1 and 1009-2. Static electrical 
discnarges of undetermined origin caused minor dendritic-type fogging 
along tne non-timing-track edge of the negatives fram the master camera 
throughout Mission 1009-1. The fog is contained vithin the borders and 
does not affect the format. Starting with pass 52D, evidence of static 
electrical discharges is also present along the timing-track edge and 
becomes progressively more intense throughout Mission 1009-2. The nega~ 
tives from the slave camera contain the results of static electrical dis- 
charges along the timing-track edge in passes 25AE, 25D, 30D, 46D, 99D 
and 112). The negetives from the master camera contain manufacturing 
splices in passes 37D, frame 71; 54D, frame 197; and 85D, frame 197; 
and 65D, frame 185. The slave material contains manufacturing splices 
in passes 21D, frame 21; 4oD, frame 29; and 69D, frame 39. Emulsion 
digs, scratches, pinholes and handling marks are considered normal. 


4, Film Processing Curves 


The following processing curves are a product of the processing con- 
tractor: 
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PART lil. IMAGE QUALITY 


1. Photographic Interpretation (PI) Suitability 


The PI suitability is an assessment of the information content of pho- 
tographic reconnaissance material and its interpretability. A number of 
interrelated factors are involved, such as the quality of the photography, 
the extent of target coverage, scale, and weather limitations. However, 
the fundamental criteria for assigning a PI suitability rating may be re- 
duced to (a) the scope of the photographic coverage and (b) the degree to 
which a photographic interpreter may extract useful and reliable informa- 
tion from the material. 


PI suitability ratings are categorized as Excellent, Good, Fair, Poor, 
and Unusable. These ratings refer to the overall interpretive value of 
the photography obtained from a particular reconnaissance mission. Indi- 
vidual targets may also be assigned PI suitability ratings. The standards 
that determine assignment of the various ratings are: 


Excellent: The photography is free of degradations by camera mal- 
functions or processing faults and the weather conditions are favorable 
throughout. The imagery contains sharp, well defined edges and corners 
with no unusual distortions, Contrast is optimum and shadow details, as 
well as details in the highlight areas, are readily detectable. Observa- 
tion of small objects and a high order of mensuration are made possible 
by the consistently good quality of the photography. 


Good: The photography is relatively free of degradation or limiting 
atmospheric conditions. Edges and corners are well defined. No unusual 
distortions are present. Detection and accurate mensuration of small ob- 
jects are feasible, but to a lesser degree than in material rated as 


"Excellent." 


Fair: Degradation is present and the acuity of the photography is 
less than optimum, Edges and corners are not crisply defined and there 
is loss of detail in shadow and/or highlight areas. Detection and identi- 
fication of small objects are possible, but accuracy of mensuration is re- 
duced by the fall-off in image quality and the lees—than-optimum contrast 
that prevails. 





Poor: Camera-induced degradations and/or weather limitations severely 
reduce the effectiveness of the photography. Definition of edges and 
corners is not sharp. Only gross terrain features and culture may be de- 
tected or identified and distortion of form may exist. Accurate mensura- 
tion of even large objects is doubtful, 


Unusable: Degradation of photography completely precludes detection, 
identification, and mensuration of cultural details, 
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2. PI Suitability for Missions 1009-1 and 1009-2 


The PI suitability is good for both parts of the mission. Photographic 
interpreters reported on 88 targets in the preliminary readout of Mission 
1009-1. No poor-quality ratings were essigned. Three of the 92 targets 
reported on in the preliminary readout of Mission 1009-2 were assigned a 
poor-quality rating. 


It should be noted that the preliminary report represents the initial 
scan results only, accomplished in a short time. More detailed study of the 
photography may develop additional information or may necessitate alteration 
of portions of the: preliminary report. 


The time of the launch and the inclination angle of the orbit were se- 
lected to produce optimum photographic coverage of targets of interest. 
Since the majority of the targets of interest are between 40 and 60 North 
latitude, the combination of launch time and inclination angle located the 
sun on the Western (starboard) side and slightly forward of the 
beam of the vehicle at this time of day at these latitudes. Generally this 
caused & variance in illumination across the format of most frames. The 
forward-looking camera starts taking the photograph of the terrain on the 
starboard side with the principal ray facing the light source. When it com- 
pletes the scan the rays of the sun are at right angles to the principal 
ray. The aft-looking camera starts taking the picture of the terrain on 
the port side with the principal ray facing away from and approximately 
parallel with the rays of the sun. When it completes the scan the rays of 
the sun are at right angles to the principal ray. This causes targets that 
are to be viewed in stereo to have radically different lighting, which may 
be beneficial for viewing some targets and detrimental for others. "Special" 
printing of 33 parts of the mission minimized the difference in contrast 
and density in the reproduction of the duplicate positives and no major 
complaints were voiced by the interpreters. 


HIGHLIGHTS OF THE MISSION 


(a) Eighty-eight targets were observed in the material from Mission 1009-1 
and 92 targets in the material from Mission 1009-2, 


(b) A newly identified launch facility was observed. 
(c)} A launch site was confirmed, 


{d) Fifteen submarines were observed and identified. Another was observed 
but could not be identified. 
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A gaseous diffusion power plant was observed emitting smoke for the 
first time. 


A nuclear research institute was observed and identified for the first 
time, 


A newly identified probable electronic tracking site was observed. 
A higher than usual level of activity was noted at one of the major 
missile test centers. Two new launch sites were identified in the 
Same area, 


A nuclear storage facility was located. 


A new large combatant hull was observed under construction on build- 
ing ways. 
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FIGURE 14. PHOTOGRAPH SHOWING PI SUITABILITY. . 


NEIC 3-8577 (3/65) 


FIGURE 15. PHOTOGRAPH SHOWING Pi SUITABILITY. 


NPiC 5°8878 (3/68) 


These two photographs show the affects of solar azimuth on PI 
suitability. In Figure 14 the rays of the sun are at right 
angles to the principal ray of the photograph. This side light- 
ing increases the apparent contrast in the scene. This addi- 
tional contrast can be beneficial with certain type targets and 
detrimental with others, 
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Figure 14 
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Figure 15 
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Approximate location of photograph in format. Negative viewed with emulsion side down. 
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FIGURE 16, PHOTOGRAPH SHOWING Pi SUITABILITY. 


NPIC 32-8579 (3768) 


FIGURE 17. PHOTOGRAPH SHOWING PI SUITABILITY. 


NPIC J-8680 (3/68) 


These two photographs show the affects of solar azimuth on PI 
Suitability. These photographs are sections from the same frame 
as the two preceding photographs (figures 14 and 15) and are in- 
cluded to show a comparison between similar type targets on the 
port (east) and starboard (west) sides of the vehicle. 
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FIGURE 18. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF NEAR VERTICAL COVERAGE, MASTER (FWD) CAMERA. 


NPIC J-8S81 (3/68) 


FIGURE 19. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF NEAR VERTICAL COVERAGE, SLAVE (AFT) CAMERA, 


NPIC J-8882 (3/68) 


These two photographs depict the average quality of the pho- 
tograpny in lussion lovY vhen the targets are near the center 
of the format, The solar bearing is nearly identical in both 
photographs because of the time of day the photographs were 
taken. The sun is on the starboard beam of the vehicle and 
produces the same effect as long as the targets are near the 
center of format. 


The photographs are printed in proper perspective relative 
to the principal ray during acquisition. 
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Approximate location of photograph tn format. Negative viewed with emulsion side down. 
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FIGURE 20. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF LEFT OBLIQUE COVERAGE, MASTER (FWD) CAMERA. 


NPIC J-8563 (3/68) 


FIGURE 21. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF LEFT OBLIQUE COVERAGE, SLAVE (AFT) CAMERA. 


NPIC 38584 13/68) 


These two photographs depict the average quality of the photography 
in Mission 1009 whe: locking east (port) with the sun at a declina- 
tion of 16.5°N in mid-eftcrnoon. The difference in quality between 
the FWD and AFT material is a function of the solar bearing (sub- 
neler point; relative tw tho piiucipal ray during acquisition. In 
Figure 20, from the FilD camera, the rays of the sun cross the 
principal ray at a right engle. This side-lighting causes higher 
contrast and ea slight less of detsil in highlight (dense) areas. 
Figure 2l contains slig:.tiv less contrast than Figure 20. More 
detail can be discesne jn the highlight areas of the AFT material. 
In this photograph the rays of the sun are more nearly parallel to 
the principal ray. Figures 20 and 21 both reflect the comparative 
contrast in the original negatives from which they were made. 


Tne photographs are printed in proper perspective relative to the 
principal ray during acquisition. 
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21D 

25 Fwd 

7 August 1964 
65.412.5 

20X 

50-40N 115-10E 
618,000 


1°17" 
00° 23" 
01°19 
1438 
4 
238° 


Figure 21 
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Approximate location of photograph in format. Negative viewed with emulsion side down. 
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FIGURE 22. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF RIGHT OBLIQUE COVERAGE, MASTER (FWD) CAMERA. 


NPIC J-€568 (3/68: 


FIGURE 23. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF RIGHT OBLIQUE COVERAGE, SLAVE (AFT) CAMERA. 


NPIC J-86806 (3/68) 


These two photographs depict the average quality of the photography 
in Mission 1009 when looking west (starboard) in mid-afternoon 
with the sun at a declination of 16.5°N and the target at 55°N 
latitude. The difference in quality between FWD and AFT material 
is the negligible when the photography is acquired under these 
conditions. 


The photographs are printed in proper perspective relative to the 
principal ray during acquistion. 
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Approximate location of onotogtapn in format. Negative viewed with emulsion side down. 
a A PS a 





- 223 - 
Handle Vic 
T Ader Ot 
Control System Only 
WO ORGS 





Sl Sst sasress 
aire: free wwe cay 


@'-: “a, er: = ~“~ - 
: - Ya =<f- =. ae 
. Hee Be 


Handie Vio 
T Pr ErerreeeHet 


Conrroi System Only 





Handie Vio 


Centro! System Only 


Hondie Vic 
TERE THIOL Ee 


Controi System Oniv 





7" 8 TOP-SECRET ROP 


Handle Vio 


ee EYHOEE - 
ks Control System Only ae 


FIGURE 24. PHOTOGRAPH SHOWING EFFECTS OF SOLAR AZIMUTH. 


NPIC J-g887 (3/66) 


FIGURE 25. PHOTOGRAPH SHOWING EFFECTS OF SOLAR AZIMUTH. 


NFIC 5-888 (3/65) 


These two photographs show how the solar azimuth affects the PI 
suitability in Mission 1009. The FWD camera was facing almost 
directly into the rays of the sun during acquisition. This back- 
lighting caused a glare from all reflective surfaces and increased 
densities to a point where a halation-like appearance degrades 
fine deteil. In Figure 25, taken by the AFT camera, the rays of 
the sun are striking the target from the left, presenting a more 
natural side-lighting effect. The fine detail in this photograph 
enhances the PI suitability. 


The photographs are printed in proper perspective relative to the 
principal ray during acquisition. 
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Arutge “ate sscaticn of photograph in format. Negative viewed with emulsion side down. 





- e2l - 


TOP-SECRET-RUFF 


Handie Vio 
Tah E 
Control System Only 


ee me 
ping 





Hondle Via 


Controt System Only 


Handle Vio 


T 
Control System Only 





Handle Via 


é 
§ 
Ry 
re) 


Hondle Vic 


T 


Control System Only 





Handie Via 


Sao ee eee ee 
Control System Only ae 


FIGURE 26. PHOTOGRAPH SHOWING EFFECTS OF SOLAR AZIMUTH. 


NEIC J-8808 {3/a5) 


FIGURE 27, PHOTOGRAPH SHOWING EFFECTS OF SOLAR AZIMUTH. 


NPIC J-0800 (3/658) 


These figures show how geographic latitude affects the PI suita- 
bility in Mission 1009. The preceding photographs (Figures 24 and 
25) were taken at 53°N and the AFT camera photography contains more 
detail than the FWD. The following photographs were taken at 37°N 
and the FWD camera photography contains more detail than the AFT. 
The targets are on the west (starboard) side of the vehicle and are 
of the same approximate obliquity. The bearing of the solar azimuth 
relative to the principal ray during acquisition is the major cause 
of the shift in quality from one camera to the other. This bearing 
is a factor of the latitude, 


The photographs are printed in the proper perspective relative to 
the principal ray during acquisition. 
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FIGURE 28. EXTREME OBLIQUE PHOTOGRAPH, MASTER (FWD) CAMERA. 


NIC 396691 (3/aKt 


FIGURE 29. EXTREME OBLIQUE PHOTOGRAPH, SLAVE (AFT) CAMERA. 


NPIC J-6602 (3/65) 


These two photcgraphs of a launch site show the affect of the 
solar azimuth under conditions of extreme obliquity with this 
camera system. The sub-solar point is slightly ferward of the 
starboard beam of the vehicle. The principal ray of the FwD 
camera was almost directly facing the sub-solar point during 
the acquisition of the target. The principal ray of the AFT 
camera was facing at an approximate right angle from the sub- 
solar point. The difference in the quality of the two photo- 
graphs can be readily distinguished, Both photographs are ori- 
ented in the proper viewing perspective. 
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_ Approximate jocation of photograph in format. Negative viewed with emulsion side down. 
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FIGURE 30. AVERAGE OBLIQUE PHOTOGRAPH, MASTER (FWD) CAMERA. 


NPIC J-@503 (3/68) 


FIGURE 31. AVERAGE OBLIQUE PHOTOGRAPH, SLAVE (AFT) CAMERA. 


NPIC J-8894 (3/68) 


These two photographs show the average quality of the photog- 
raphy in Mission 1009 looking east (port). 
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Approximate tocation of pnotograpn in format. Negative viewed with emulsion side down. 
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FIGURE 32. EXTREME OBLIQUE PHOTOGRAPH, MASTER (FWD) CAMERA. 


NPIC 3-8595 (3/88) 


FIGURE 33. EXTREME OBLIQUE PHOTOGRAPH, SLAVE (AFT) CAMERA. 


NPIC 3+8596 (3/68) 


These two photographs show the average quality of the photog- 
raphy in Mission 1909 taken at extreme obliquity on the east 
(port) side of the veliicle. The photographs are printed in 
the proper perspective relutive to the principal ray during 
acquisition. 
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Approximate location of photograph in format. Negative viewed with emulsion side down. 
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FIGURE 34. PHOTOGRAPH OF AN AIRCRAFT IN FLIGHT, MASTER (FWD) CAMERA. 


NPIC J°86597 (3/865) 


FIGURE 35. PHOTOGRAPH OF AN AIRCRAFT IN FLIGHT, SLAVE (AFT) CAMERA. 


NPIC 3-6896 (3/65) 


These twe phctogrephs show a jet aircraft in Tlight and a vapor 
trail which makes tne aircraft more easily detectable. Photo- 
graphs of this type can ve used to estimate the speed and alti- 
tude of vehicles in flight. 


The photographs are rrinted in the proper perspective relative 
tc the principal ra, auring acquisition. 
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FIGURE 36. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF MASTER (FWD) CAMERA LOOKING WESTWARD. 


NPIC J<0809 (3/68) 
FIGURE 37. PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF SLAVE (AFT) CAMERA LOOKING WESTWARD. 


NPIC J-86600 (3/68) 


These two photographs show the average quality of the photography 
in Mission 1009 looking west (starboard) toward the sub-solar point. 
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Figure 36 Figure 37 
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Approximate location of photograph in format. Negative viewed with emulsion side down. 
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FIGURE 38. PHOTOGRAPH OF NEW YORK WORLD'S FAIR AREA, MASTER (FWD) CAMERA. 


NPIC J+8001 (3/88) 


FIGURE 39. PHOTOGRAPH OF NEW YORK WORLD'S FAIR AREA, SLAVE (AFT) CAMERA. 


NPIC J*g602 (3/68) 


These two photographs of the New York World's Fair Area show 
the average quality of the photography in Mission 1009 taken 
at average obliquity on the east (port) side of the vehicle, 
The slight difference in contrast can be attributed to the 
bearing of the solar ezimuth relative to the principal ray 
during the acquisition of the target. 


The photographs are printed in the proper perspective rela- 
tive to the principal ray during acquisition. 
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FIGURE 40, PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF MASTER (FWD) CAMERA LOOKING WESTWARD. 
NPIC 3°8603 (3/68) 

FIGURE 41, PHOTOGRAPH SHOWING AVERAGE QUALITY 
OF SLAVE (AFT) CAMERA LOOKING WESTWARD. 


NPIC 13-8604 (3/68) 


These two photographs of a tank farm show the average quality 
of the photography in Mission 1009 taken at extreme obliquity 
on the west (starboard) side of the vehicle. 
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Approx:mate tocation of photograph in format. Negative viewed with emulsion side down. 
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3, Definition of Mission Information Potential (MIP) 


The MIP is an arbitrary number not limited by terminal values which 
is subjectively assigned to the panoramic photography of a mission and 
which compares it to other missions. It is meant to be a measure of the 
camera's maximum capability for recording information, discounting ad- 
verse atmospheric conditions, minimum solar elevations, camera malfunc- 
tions, or other factors which reduce the quality of the photography. 


The MIP is based on the best photography found in a mission, even 
though the photography may be limited to a few frames. Since these frames 
are considered to be the best in the mission, they do not indicate the 
overall success, average quality, or general interpretability of the pho- 
tography. 


Criteria for selection of the MIP frame: 


& Eliminate all portions of the mission affected by system 
malfunctions. 


bd. Select frames which are free of clouds or atmospheric 
attenuation. 


c¢. Eliminate the first 10 frames and last frame of a pass 
because they may be affected by incorrect scan speed. 


d. Select frames that are in a continuous strip of approxi- 
mately 10 cloud-free frames, since cloud shadows from weather fronts 
are cast for great distances. . 


e. Determine from the horizon cameras that the panoramic 
photography is not affected by apparent vehicle perturbations. 


f. Select targets that are near the center of the format and 
on frames as close as possible to perigee for scale purposes and to 
eliminate obliquity. 


& Select frames having near optimum solar elevation. 
h. Select a high contrast target (preferably an airfield) and 


compere the target to a previous mission which has been given an 
MIP rating. 
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\. MIP Rating for Mission 1009 


Pass 61D, frame 13 FWD, has been selected as the MIP frame for Mission 
1009. It has been assigned an MIP rating of 85. The detail discernible in 
this photography is such that engine nacelles on most aircraft are dc vecta- 
ble under wcderute magnification. The information potential of tne area 
acquirec iy *he APT camera (frame 19 AFT) is almost identical ts the MIP 
frame, 
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FIGURE 42, PHOTOGRAPH FROM THE MIP FRAME. 


NPIC 45-9408 (3/88) 


This photograph has been selected from the MIP frame from Mission 
1009. It is printed in the proper perspective relative to the 
principal ray during acquisition. 


FIGURE 43. PHOTOGRAPH OF THE SAME AREA AS 
THE MIP FRAME, FROM THE SLAVE (AFT) MATERIAL. 


NPIC 3+9606 (3/88) 


This photograph is included to show a comparison between a target 

from the MIP Frame (Figure 42) and the same target taken with the AFT 
camera, The increase in contrast is attributed to the slight variation 
in the bearing of the solar azimuth relative to the principal ray. 

Both negatives received the same exposure and were processed at the 
same level (full development). 
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Approximate location of photograph in format. Negative viewed with emulsion side down. 
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Definition of Panoramic Format Calibrations 





Measurements are made with respect to collimator targets fixed with 
respect to the mechanical interface between the total payload assembly end 
the orbital vehicle. 


Two sets, of 3 targets each, are aligned to be coplanar within +5 
seconds of arc so positioned to form an angle of -15.00° +5 seconds to the 
mechanical interface for master camera calibrations and an angle of +15. 00° 
+5 seconds to the mechanical interface for slave camera calibrations. 


A -- One target, Target 1, of each set is imaged on the Terrain 
Format. 


B =< The second and third targets of each set are at angles of 75.00° 
+5 seconds from Target 1 and are imaged on the horizon formats, 


The indicated center of format for the panoramic cameras is given by 
the intersection of a line through the center of mass of the central shrink- 
age Marker drawn normal to the edge of format containing the shrinkage 
marker anc a line parallel to the same edge located at a position half-way 
between the format edges. 


The indicated principal points of the horizon cameras are the points 
of intersection of lines joining opposite fiducials. 


Xvo and Yvo are the offsets of Target 1 from the indicated center of 
format of the panoramic cameras as defined in Paragraph 3. 


Xs, Ys and Xt, Yt are the offsets of Targets 2 and 3 from the indica- 
ted principal points of the supply and take-up horizon cameras respectively, 


The indicated flight direction is the direction of vehicle travel 
during orbit. The forward edge of format is the edge opposite the shrinkage 
markers for the master camera and is the edge containing the shrinkage 
markers for the slave camera. 


Dimensions A, B, and C are the spacings of the shrinkage markers and 
dimensions D and E are the spacings of the Y axis fiducials, Techniques 
Sor exact measurement of these dimensions have not been developed. The 
figures quoted are measurements made on hand processed film without con- 
trol of shrinkage. 
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The format dimensions are measured to the best estimate of format 


edge. 


Measurements of the angle between the indicated axis of the panoramic 
cameras and the line of intersection of the plane defined in Paragraph 2 
on the format is obtained from the offset dimensions Dmx and Dmy of Target 
l for each camera, 


Measurement of the angle between the indicated axis of the horizon 
cameras and the line of intersection of the plane defined in Paragraph 2 
of the format is made by measuring the scan direction offset of the tar- 
gets defined in Paragraph 2B at a fixed distance from the target center 
in the Y direction. Dimensions Dtx, Dty, Dax,and Dsy are the offsets of 
these measurements. 
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‘HORIZON LENS SETTINGS 
(Viewed from top of vehicle in flight) 


Forward 
Camera No. 154 







Port Supply 
Horizon Exposure 
Time 1 100 Sec. 


Starnoard Take-Ur Aperture {6.8 


Horizon Exposure 
Time 1°100 Sec 
Aperture £8, 


Aft Camera No, 155 


Starboard Supoly 
Horizon Exposure 
Time 1 ’100 Sec 
Aperture f£.0 


Port Take Up 
Horizon Exposure 
Time 1. 100 Sec. 
Aperture (6.8 


FLIGHT DIRECTION 
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LIMITING TERRALS 





4QD i 3.63 0.42 3.22 0.23 1.94 0.12 2493 0.98 0.67 0,30 0.37 

2 3.63 O.b2 3.22 0.23 1.89 0,12 1.78 9.08 9.46 2.28 0.2% 

525 3 3.62 0.44 3.128 0.24 1.43 0.23 1.20 0.98 az sR IR 

32 3.68 0.4K 3.24 0.33 1.78 0.20 1.58 9.12 aR WR mR 

53) 33 3.68 0.42 3.27 0.24 1.6% 0.49 Ld 0.08 a = 12 

06 3.12 0.46 3.26 0.25 1.99 0,19 ae7h e.99 ere e 3419 9.29 

Suc 09 3.67 O.4e 3.23 0.26 1.32 0.34 0,98 0.09 WR a3 ui? 
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152 3.68 0.42 3.26 0.25 1.23 0. 34 0.89 0.09 1.23 0.3% 0.89 

56A2 153 0.3; 0.27 0.04 0.27 0.10 0.08 0.02 0.08 aR aR IR 
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APPENDIX C. MICRODENSITOMETRY 


er cage Spread Function 


In an attempt to establish an objective measurement of image quality 
in mission photography, the technique of obtaining the spread function from 
microdensitometric edge traces is being investigated. The spread function 
curve represents the whole photographic system, and is a summation of tae 
separate elements: lens, film, and uncompensated image motion due to vi- 
bration, velocity, roll, pitch, yaw, and aerial turbulence. dy taking the 
Fourier Transform of the Spread Function the Modulation Transfer may be 
obtained. 


To assign a single number to the spread function, the width is mea- 
sured at 50 percent amplitude. This number, usually expressed in microns, 
may be converted by use of the scale factors to ground distance in feet. 


cages meeting tne criteria described below have been found on domes~ 
tic passes of missions in the same frame as resolution targets and have 
been scanned. The ground distance in feet, thus determined, has been 
aooroximately that determined from the resolution target. Although the 
tecnniques used are not refined and are considered to be still in the de- 
velopment stage, the potential of this type of objective analysis should 
be realized. The 6 examples of edge scans and their respective spread 
Sanctions are included. 


Any optical image can be thought of as being composed of an infinite 
number of image points of light, each being conjugate with points in the i 
co,sct. While the object points can be infinitesimal light sources, tne 
ruwuge ooiats are always mounds of distributions of light having finite size. 
2ne vwLurring of light points in a photographic system comes from diffraction 
ana abberration in the lens, light spreading and diffusion in the emulsion, 
and image motion caused by camera movement and atmospheric shimmering. The 
funcamental building block of the image is the distribution of light in any i 
Oo: tne image points. This distribution is called the spread function of 
tae photograpnic systen. 


wanbderts and others have explained the mathematical and experimental 
correspondence of a snarp edge and its spread function. An analogy exists 
in tne techniques of studying electrical system response. The analysis re- 
quires that tne source or object fulfill the conditions of a unit step func- 
tion, i.e., exist for an appreciable time or distance at a fixed signal 
levei and instantaneously or abruptly change to a new level which is main- 
tainec for an appreciabie time or distance. The spread function is obtained 
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by differentiating the signal output curve point by point; ive, measuring 
the rate of change or signal with time or distance, and plotting signal 
amplitude versus time or distance. 


As a starting point the mission is examined to locate examples of best 
photography with edges long enough and straight enough for use in the micro- 
densitometer, and having uniform density on each side of the edge to fulfill 
the conditions of a unit step function. This requirement is usually achieved 
by rooftops of buildings in large-scale photography, and only aircraft run- 
ways or taxiways in small-scale photographs. 


The microdensitometer used is a Joyce-Lobel Double Beam Model IIIC. It 
is used with an effective slit of 1 micron by 75 microns. The recording 
table and sample tabie are directly linked with a ratio arm of 1000:1. The 
speed of the scan is variable and is determined by the amount of pen deflec- 
tion (as the pen is deflected the speed decreases giving the pen time to 
reach its maximum response). The chart thus produced represents a plot of 
chart displacement versus distance. This plot is manually smoothed by the 
analyst and is @ judgment of what the edge would be if grain and other 
anomalies were absent. 


The data reduction is done manually at present, but the feasibility of 
using the UJIVAC 490 computer is being investigated. The linear slope of 
the calibrated step wedge in the microdensitometer is used to determine the 
densities at measured distance increments along tne trace. The curve for 
the material snowing density versus log exposure (Dlog E) is used to deter- 
mine the Log = and the anti-log is obtained to yield the exposure (£) re- 
quired to produce the determined densities. The difference between adjacent 
values of Lt is divided by the corresponding difference of the measured dis- 
tance increments to produce the slope values (dc/daX) of the original scene 
reflectance distribution. Finally, 50 percent of the maximum slope is com- 
puted, and the distance between the 50 percent slope values is determined 
by interpolation. The value thus obtained represent the 50 percent ampli- 
tude width of the Line Spread Function of the original edge. The actual 
wine Spreac Function Curve may also be plotted and the 50 percent amplitude 
width measured for verification of tne computed value. 


2ne 50 percent amplitude width value is shown on the enclosed original 
traces in terms of microns on the negative. 
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Mission Number: 1009-2 


Trace Number: 3 
Pass Number: 61D 
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APPENDIX DB. CLOUD COVER ANALYSIS 





1. INTRODUCTION 


This study represents a statistical analysis of the cloud cover on the 
photography of Mission 1009. The basis of this study is the cloud cover 
data for each quarter segment of every individual frame of photography. The 
data is obtained by analysts specifically trained in estimating cloud cover 
by designated categories. 


Five cloud categories have been formulated for use in this photog- 
raphy (Reference, Table 1). These categories allow for the wide latitude 
of cloud cover conditions commonly found on a frame of this photography. 
Note in Table 1 that e mean cloud percentage value has been calculated for 
each category for use in determining a combined cloud cover percentage for 
all operational passes of the mission. 


The occurrence of each cloud category within an operational pass is 
expressed as a percentage and appears in Table 2. Each percentage 
is a ratio of the number of occurrences of a given cloud cover category 
to the total number of cloud observations in a photographic pass. For 
example: if the number of category 1 occurrences in a given pass is 
200 out of a total of 1000 (250 frames x 4 quarters), all categories 
combined, then 20 percent of the pass would be classed as category 1. 


Also a cloud cover percentage per pass is included in the last column 
of Table 2 under "CLOUD COVER % PER PASS." This value is determined by the 
Summation of the products of category percentage in each pass and the mean 
cloud percentage for that category as established in Table 1. For example: 
if it is determined that the following percentages exist in a given pass: 


20% Category 1 
15% Category 2 
30% Category 3 
25% Category 4 
10% Category 5 


Then, by using the mean cloud percentage established in Table 1 the 
following computations are made: 


0.20 x 5.0 = 1.00% 
0.15 x 17.5 = 2.63% 
0.30 x 38.0 = 11.40% 
0.25 x 75.0 = 18.75% 
0.10 x 100.0 = 10.00% 

L3. 702 


Hence, 43.8 percent of this pass is cloud covered. 
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TABLE 2 
‘ CLOUD COVER CATEGORIES | 
CATEGORY ' PERCENT OF MEAN CLOUD 
NUMBER CLOUD COVER DESCRIPTION PERCENTAGE 








1 Less than 10% Clear 5% 

2 10% = 25% Small scattered 17.5% 
Clouds 

3 26% = 50% Large scattered 38% 
Clouds 

4 51% ~ 99% Broken or Con= 15% 

nected Clouds 

5 100% Complete over- 100% 

cast 
TABLE 2 


PcRCENTAGE OF CLOUD COVER 
CATEGORIES BY PASSES 
MISSION 1009-1 


Pass Cloud Cover 
Number 1 4 5 | &% Per Pass 


6D 45.6 TT 13.6 31.6 1.5 34.0 
7D 6.7 19.6 36.8 36.7 0.2 45.5 
8D 17.5 10.9 16.1 43.6 11.9 53.5 
9D 19.3 3.6 11.1 52.1 13.9 58.8 
lop 67.1 19.1 7.2 6.6 0.0 14.4 
17D 0.9 29.5 2h.l 43.3 2.2 49.1 
20D 8.9 2.6 6.1 32.7 49.7 77.5 
21D 21.0 28.8 17.4 23.4 9.4 39.7 
22D 16.2 19.5 20.6 35.6 8.1 46.8 
23D 19.6 24.1 27.9 20.6 7.8 39.1 
2kp i355 9.3 20.4 49.9 8.9 56.3 
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